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eight cases in which the serum was tested at
various intervals of from ton minutes to three
hours after the administration of the drug four
were found to have developed no recognisable
increase of bactericidal power. Three of these were
tested against cultures of staphylococcus, the other
against the pneumococcus ; one of those tested

against the staphylococcus was also tested against
the pneumococcus with a similar result. Of the
other cases three showed a slightly increased
bactericidal power, in one case against the staphy-
lococcus, in another against the pneumococcus, and
in the third against staphylococcus and strepto-
coccus. The remaining case showed a similar slight
increase of bactericidal power against a culture of
streptococcus, but none at all against either staphy-
lococcus or pneumococcus.

It was noticed, however, in all these experi-
ments, and especially in those in which staphy-
lococcus cultures were used, that the samples of
serum obtained after the injection of the salvarsan
showed a marked power of inhibiting the growth of
the organisms. This was evidenced by the slowness
of growth-two or even three days elapsing before it
could be definitely ascertained if growth was present
or absent; and also in those tubes where growth
occurred the organisms were agglutinated into
masses, so that instead of an even turbidity of the
broth a small mass of organisms occurred in the
bottom part of the reservoir.
In view of the fact that the patients’ serum in

our experiments always showed a higher bacteri-
cidal power after the injection of neosalvarsan than
of salvarsan, it is of interest to note that Swift and
Ellis,3 working with Spirochaeta duttoni, were able
to show a similar difference in respect of spiro-
ch&aelig;ticidal power. Further, they showed that

patients’ serum, after administration of these drugs,
acquired a spiroch&aelig;ticidal power for only a few
hours, reaching its maximum within the first hour
after the injection; and that this spirochaeticidal
power was somewhat increased, rather than
diminished, by heating the serum to 60’ C. (cf.
Table V. above).

Szcrjamary and Conclusions.
1. Neosalvarsan and salvarsan in watery solu-

tions possess a very distinct bactericidal power
against staphylococcus when the strength of the
solution is 1 in 6000. When the solvent largely
consists of blood or serum this power is slightly
diminished. The bactericidal power of solutions
of both these preparations appears to be practically
the same.

2. The administration of neosalvarsan in ordinary
doses renders the blood fluids markedly bacteri-
cidal This power lasts but a short time, and
seems to reach its maximum about one hour after
the administration of the drug, diminishing rapidly
in the third and fourth hours.

3. Heating the serum to 60&deg; C. for from 10 to 20
minutes has no deleterious effect on this bacteri-
cidal power, showing that it is not in any way due
to the development of immune bodies in the
serum, and this fact, together with the short period
in which the serum is found to be bactericidal,
strongly suggests that the bactericidal power is due
to some arsenic compound in solution in the blood
serum.

4. Salvarsan which, as mentioned above, has
almost identically the same bactericidal power as
neosalvarsan in in vitro experiments, gave practi-
cally no demonstrable bactericidal power to the

3 Journal of Experimental Medicine, Oct. 1st, 1913.

patient’s serum when ordinary therapeutic doses
were administered, but it was constantly noticed
that organisms which had been treated with serum
obtained within three hours of the administration
of the drug grew very much more slowly than
normally and were agglutinated into masses.

5. In view of the very distinct bactericidal power
which the serum acquires after the administration
of neosalvarsan, it is reasonable to hope that the
administration of this drug, or some similar pre-
paration such as neokharsivan, would have a bene-
ficial effect on wound or other similar septicaemias,
and might even strikingly assist in the sterilisation
of deep and irregular suppurating wounds.

A CONTRIBUTION TO THE BIOLOGY OF
THE VERMIFORM APPENDIX.

BY W. COLIN MACKENZIE, M.D. MELB.,
F.R.S. (EDIN.)

A STUDY of the fauna of Australia offers a unique
opportunity in aiding the solution of many im-

portant biological questions, and especially those
pertaining to the gastro-intestine. The two mono-
tremes and the various marsupials represent the
selected results of a struggle with forces that have
been operating through many ages. As the survival
results among the marsupials are in many ways so
diverse we have a distinct advantage in being able
to institute comparisons among animals limited to
the same order. Furthermore, during the last
century these animals-lowest on the mammalian
scale-were suddenly brought into contact with
modern man. We are unfortunately now witnessing
final phases in the struggle and their biological
significances. Amongst the marsupials we have on
one side the koala, a purely eucalyptus-leaf feeder
with a csecum which may reach the great length of
244 cm., and on the other the Tasmanian devil
(Dasyurus ursinus), purely carnivorus, which has
evolved a simple intestinal tube swung on a single
mesentery, with no differentiation except micro-

scopically between the large and small gut. Both
these are rapidly becoming extinct-the former in
spite of a rigid protection. Between these varieties
we have the opossum (Trichosurus), more adaptable
as regards diet than the koala, and hence still
numerous in different parts of the continent, and
the allied varieties of the Macropodid&aelig;-viz.,
wallaby, the selected and more adaptable variety
whose caecum may resemble that of the human
foetus and be only 5 cm. long, and the kangaroo
whose caecum-much more capacious-varies from
30 to 40 cm. In addition we have Phascolomys
(wombat), the selected marsupial, living on a

nutritious diet of vegetable matter, whose abdominal
contents resemble those of man and who shares with
him and the higher anthropoids the possession of a
true vermiform appendix. To those I propose to
add the Echidna.

What is meant by Vermiform Appendix.
The appendices of these four types apart from

size are difficult to differentiate, and subscribe to
what Charles Bell and Owen refer to in the defini-
tion of the vermiform appendix as a small gut-
appended to the caecum and differentiated externally
by a marked commencement and internally by a
valvular structure-but bearing no relation in size
or figure to any part of the intestinal canal, which,
from its smallness and twisted appearance like thewrithing of an earthworm, has received the name of
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" vermiform." As Stapley and Lewis in their

important paper write: "It did not occur to Owen
on account of the presence of this massed lymphoid
tissue to name the end of the rabbit’s caecum

’vermiform.’ He did not regard the rabbit as

showing that rare form which he thought of under
the name ’vermiform appendix."’ The rabbit has
a highly specialised intestine, since apart from the
sacculus rotundus there are no less than six distinct
areas in the great intestine, making it unfit for com-
parison. Nor did Owen include Lemuroidea, as in
his description of the aye-aye he is careful to point
out; nor did he refer to the appendicular ends of
c&aelig;ca such as one often sees in the phyllophagous
koala and opossum, where I have never yet found a
single lymphoid follicle.

The Validity of Einar L&ouml;nnberg’s View.
In 1902 Dr. Lonnberg advanced the opinion that

if the wombat’s appendix were a true vermiform
appendage-i.e., the reduced blind end of a c&aelig;cum-
it ought to have opened into the caecum of which it
was a part; as it does not, but opens with a quite
independent opening of its own near that of the
ileum, he judges that the so-called processus vermi-
formis of the wombat represents a rudiment of the
whole caecum; since it acquires a similar situation,
opening into the colon in relation with the ileo-
c&aelig;cal valve. A new caecum becomes formed behind

FiG. 1.

Ileo-caecal region, Phascolomys mitchelli. (All the figures are
half natural size.)

the caecum, the result of a bulge of the colon owing
to food alterations-viz., reversion to a more bulky
diet. Apparently Lonnberg’s material was limited,
as he tells us when discussing the colic sacculi he
had worked on two animals, and further, his
description might equally apply to the fourth

variety of the human caecum in which, according to
Deaver, the internal sacculus has disappeared
entirely and the base of the appendix is attached to
the caecum posterior to the receding angle between
the ileum and the caecum, the opening being
sometimes in relation with the ileo-c&aelig;cal valve.
Furthermore, we have no evidence that food altera-
tions presumably recent have occurred. A refer-
ence to Figs. 1 and 2, in which the lumen of the
appendix is patent, indicates the rotation taking
place, and shows the base of the appendix corre-
sponding to the true apex of the caecum. In Fig. 3,
where the internal opening which was not within
the lips of the ileo-caecal valve has closed and

1 Morphology of the Vermiform Appendix, Walter Stapley and J. C.
Lewis, Proc. Royal Soc. Vict., vol. xxiii.

2 Adaptations in Diprotodont Marsupials, Dr. Einar Lonnberg. Proc.
Zool. Soc., London, 1902, vol. i.

the appendix is adherent to the ileum, not
only has the left sacculus disappeared, but the
right has atrophied almost up to the level of
the ileum. The average human csecum, i.e., one
approaching the fourth type, has a depth of about
6 cm., and in the case of a young orang-utang in the
Hunterian Museum the depth of the caecum is
2’5 em. and the width 4’5 em. It approaches the
fourth type-the termination of the ileum running
obliquely through the intestinal wall being in

FIG. 2.

Ileo-caecal region, Phaseolomys mitchelli.

juxtaposition to the appendicular orifice. An
examination of a series of 12 Victorian wombats
showed that the csecal depth varied from 1 to
1’5 cm. In two cases it was only 0’5 cm. and in
one case was actually on the ileal level. In a
latifrons with a well-defined lumen, mesentery, and
appendix the pouch was 3 cm. deep, and in another
(mitchelli) with the appendix obviously the apex
of the caecum the depth equalled 4 em. and the
width 5 cm. The lumen of the appendicular canal
was incomplete in 64 per cent. of specimens. After
the twentieth year 32 per cent. of human appen-
dices are obliterated. The approximation of the
base of the appendix towards the ileo-caecal valve
is quite in accordance with the evolutionary trend
of that organ. Lonnberg believes such a movement
took place. Yet he would not admit of the classifica-
tion of the wombat with man and the ape, because

FIG. 3.

Ileo-c&aelig;cal region, Phascolomys mitchelli.

he believes a new caecum has been formed, the
result of supposed diet alteration. To favour that
view from the examination of a large number of
specimens I have failed to find evidence that, apart
from the formation of a new caecum, even the right
external sacculus has enlarged. On the contrary,
there is abundant evidence of atrophy. (Figs. 3
and 4.) Owen’s generalisation,3 that "the caecum
in the wombat is extremely short but wide; it is

3 Comparative Anatomy of the Vertebrates, vol. iii.
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remarkable for being provided with a vermiform B

appendage," must still be accepted. 
Types of Fluman Ccecuma.

The classical description of Sir Frederick Treves4 
still forms the basis of our comparison. He recog- r
nised four types: (a) Infantile, with muscle bands
equi-distant ; (b) caecum more quadrilateral, 

t

appendix appearing between two bulging sacculi ; 
i

(c) apex turned to the left and posterior-the base 
of the appendix is brought nearer the ileo-coecal 

]

valve, a false apex formed by the highly developed
part to the right; (d) sacculus to the right rela-
tively large, while that to the left has disappeared
-the root of the appendix appears to spring almost
from the ileo-emeal junction. No anatomist has
ever suggested that the relatively large size of the
right sacculus was the result of some reversion to
a more bulky diet. These four variations become
intelligible-not mere statements of facts-if we re-
cognise that each represents a coordinated sequence
of the other; each is part of a coordinate scheme
in the evolution of the appendix, and no one varia-
tion can be regarded as the type.

Mode of Disappearance of Structures.
It is interesting to note that the oldest known

wombat’s appendix, once the property of Sir
Everard Home, is in the Hunterian Museum, and
that John Hunter was known to be engaged on the
marsupials just before his death. His work on
absorbents shows that the question of disappear-
ance of organs interested him. " It may be difficult
at first," he writes, "to conceive how a part of
the body can be removed by itself, but it is just
as difficult to conceive how a part can grow or
add to itself, which we see daily taking place.
These are both certain facts. A part which was
necessary in one stage of life, but which becomes
entirely useless in another, is removed. It is
evident in many animals the thymus gland is
removed." It is clear that a knowledge of the mode
of disappearance of normal structure should help
us in the investigation of the abnormal. Amongst
the marsupials we notice the disappearance of the
thoracic thymus in the wombat, but its good
development in the Dasyurus ursinus ; the closure
of the inguinal canal in the male sex of the latter
though open in that of the former as well as in
koala and the kangaroo ; the incorporation of the
fibula into the tibia as seen in the Macropodid&aelig; ;
the small relative size of the adrenals in the

phyllophagous koala and Trichosurus and the

approach of the right along the vena cava to the
liver. In the case of the opossum (Trichosurus)
it may be found approximate to the liver under the
capsule or be completely absent. In the female
the Miillerian ducts, though differentiated into
duct, uterus, and vagina, nevertheless open
separately into the urino-genital sinus. Yet from
the upper part of the vagina on each side we have
given off-beginning as a bend-the median vaginal
caecum which approximates so closely to that of
the opposite side that fusion takes place-the two
walls forming only an intermediate septum. This
breaks down so that one central vaginal caecum or
median vagina is formed, which, increasing in size,
reaches the urino-genital sinus to serve for the
transmission of the foetus and remains the vagina
of higher types.5 Thus we see formation and
atrophy going on in the one order and the triple 
vagina of the marsupial becomes intelligible when

4 Hunterian Lectures, 1883.
5 Proc. Linnean Soc. N.S.W., 1899 and 1900, Professor J. P. Hill.

we roalise that the design is unification-the lateral
vagin&aelig; finally disappearing.

Similarly by a study of the vermiform appendix
in the wombat nature offers us the clue to the
mode of disappearance of that structure in man
since we can trace it from the fourth human type
to complete disappearance (Fig. 4). It may be
found as in Phascolomys latifrons quite independent
of the ileum with a well-defined mesentery, or the
mesentery may be only partial and the base be in
relation with the termination of the ileum or the
mesentery be altogether absent. As shown in
Fig. 3, the appendix finally becomes incorporated
into the wall of the ileum and the various grades
are seen till in one specimen no appendix is present
-the only structure being a firm knob on a shred
of mesentery. In none of these specimens was
there evidence of any inflammation. Thus a

complete coordinated sequence from the foetal or

FIG. 4.

Ileo-c&aelig;cal region, Phascolomys mitchelli.

infantile type of caecum to one showing complete
disappearance of the appendix is clearly demon-
strated. In the wombat about the ileo-c&aelig;cal region
a puckering is noted, producing sacculi and

depression. This is of interest when we con-
sider that close together about the root of the
mesentery we have duodenum, duodeno-jejunal
flexure, transverse colon, and with an interval of only
2’5 cm. the ileo.c&aelig;cal junction. This association I
regard as being dominated by the right vagus nerve.

Ccecal Region in the Monotremes.
When we consider the aeons that have passed

since the monotremes first evolved we have reason
to congratulate ourselves that two, presenting
such diversities, have remained-one the Platypus,
content to remain in the mountain streams, and
the other the Echidna, evolving on land, where the
struggle for existence was more intense-thus no
doubt accounting for the greater size of its brain
and the development of convolutions and sulci.
The intestinal tract in Ornithorhynchus might

be described as a simple canal 5-6 feet in length
and characterised by the presence of a slender
ceecal tube 30-45 cm. from the termination-there
being no obvious distinction between the large and
small gut, except histologically. The caecum is
about 3 cm. long, with a distinct mesentery (Fig. 5),
and, in all cases examined, free, with a well-defined
lumen continued to its termination. The mesentery
of the caecum passes to the intestine on the side
nearer the stomach. Section of the middle of
the caecal tube shows a well-defined circular but
narrower longitudinal muscular layer. In the

1) ?,
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submucous layer two nodules of lymphoid tissue are
seen. The mucous layer shows long convoluted
tubular glands lined by cubical cells. From the
bile-duct for a distance of about 3 feet we notice in
the intestine tubular glands lined by columnar
epithelium and convoluted glands leading up to the
base of elongated finger-like projections with pro-
cesses resembling villi. In the sections in the
vicinity of the c&aelig;cum no villi are present, the gut
on either side of the c&aelig;cum presenting similar
features to it-viz., the long convoluted tubular

FIG 5. 

c

V.

C&aelig;cal region, Platypus. s, Small intestine; c, large intestine ;
c’, caecum and mesentery M’.

glands, except that there is more lymphoid tissue
in the caecum. As we progress to the cloaca the
gut tract takes on more the character of mammalian
large gut.‘’ It seems that the caecum, in the Platypus
can be regarded as an extremely primitive organ
presenting practically similar structure to that of
the surrounding, intestine. Here apparently nature
gives us a clue to future intentions in the creation
of an accessory tube capable of expanding according
to the needs of digestion, till in a land animal a
little higher in the scale (koala) it reaches the
enormous length of 8 feet and a circumference of
15 cm. What developments took place among mono-
tremes in the struggle for a land existence we are
unable even to conjecture. In the Echidna the
stomach, considerably larger than that of the

Platypus, may reach a length of 15 cm., and shows
the mammalian character and not stratified epithe-
lium as in the latter. The total length of the intes-
tinal tract varies from 9 to 10&frac12; feet, but there is a
macroscopic distinction between large and small

intestine, and internally we can distinguish what
Professor Keith refers to as caecal colon, into which
the small gut and what I regard as a vermiform
appendage (when patent) separately open. This
latter lies from 30 to 45 cm. from the termination
of the large gut on the dorsum of the commence-
ment of the vestibule. Its length varies from 1’5
to 3’5 cm., but compared with the caecum of the
Platypus a great character is variability as regards
length, freedom, mesentery, and lumen. In 35 per
cent. the lumen is incomplete, and the appendage
could not be distended by compression of the intes-
tinal content. A trace of mesentery may be noted
at the root of the appendix, but all specimens
examined by me but one-which is free-were
adherent to the wall of the ileum, as in the
wombat, this varying from an adherency at the com-
mencement up to half the extent. In the specimen
illustrated (Fig. 6)-devoid of mesentery-which

6 On embryological grounds, however, the portion of intestine-
about 12 cm. long-between the c&aelig;cum and the attachment of the colon
to the meso-duodenum must be regarded as large gut. This portion is
swung on the common mesentery. The colon beyond is swung on its
own mesocolon.
7 Human Embryology and Morphology, Arthur Keith, third edition.

was 1’5 cm. long, fully two-fifths is incorporated
with the ileum, the remainder being only a

slender rigid stem without lumen. I have found

retrogression more marked in specimens from New
South Wales than from Victoria. One specimen
shows the appendix the seat of inflammatory
change to which the omentum has been adherent,
thus giving us a hint low down in the mammalian
scale as to a function of this structure. The
examination of a typical section shows the muscle
coats to be relatively small, though the inner
circular is the larger, but the submucous tissue is

largely replaced by lymphoid tissue. This lymphoid
tissue displaces also a considerable amount of the
mucous layer, in the glands of which columnar and
goblet cells are seen. The intestine on either side
is typical large and small mammalian gut, the
appendix having the character of the large gut. It
is interesting to note in connexion with the dis-
appearance cf organs that while both monotremes
retain the thymus gland throughout life, this is
more evident in the Platypus. In the thymus of a
male Echidna colloidal change has been noted.

Significance of the Foregoing.
That a group of animals-relics from a bygone age

-should have remained to throw light on the early
development of mammalian life is remarkable, and
more so when we consider that in the one order we
have a maximum caecal development (koala), appen-
dicular formation (wombat), and the simple intes-
tinal tube (carnivorous marsupial). It is not
without significance that the most adaptable
animals are the Echidna-wombat-and wallaby.
The koala with his enormous caecum and

specialised diet is becoming rapidly extinct, and
on the mainland it is almost impossible in Victoria
or New South Wales to procure a carnivorous
marsupial, while in Tasmania Dasyurus ursinus is
scarce and the marsupial wolf has practically dis-

appeared. In Victoria the wombat, so far from
needing protection, is actually on the vermin list.

FIG. 6.

Ileo-caecal tract of Echidna. s, Small intestine ; c, large intestine;
c’, partly adherent appendix.

Nor is this to be wondered at when one compares
the physical development of the latter with the
Tasmanian devil, in which animal we are struck
with the muscle pallor, tendinous change, and the
large deposit in parts of intermuscular fat. If one
were asked to designate the perfected physical type
amongst the mammalia, the wombat might be
unhesitatingly referred to, and Mr. Le Souef,
director of the Melbourne Zoological Gardens, has
frequently commented on the great resistance of
this animal to either injury or disease. The
wombat, far from dispensing with a large gut,
has actually one reaching the great length of
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12 to 14 feet. In the Macropodtdae this gut may
reach 6 to 8 feet, while in the small Echidna
45 cm. of large intestine may be met with. The

carnivorous marsupial, having the " ideal simple
tube with practically no large gut, is the least
resistant of all.
Biological teaching is plain-it is decidedly

against the inutility of the large intestine. It is also

noteworthy that the ultimate disappearance of the
appendix is a coordinate action and not neces-

sarily associated with such frequent inflammation
as we are witnessing in the human type. As has
been stated, although a large number of wombats
have been examined in no one case has any
evidence of inflammation been seen, nor have I

yet heard of an instance. In the case of man
the question arises, What is the factor interfering
with proper coordination ? Is the leakage dietetic
or is it a question of environment or due to the
erect posture ? One scarcely expects surgery to
give the reply.

I wish to thank the President and Council of the
Royal College of Surgeons of England for the privi-
lege of carrying on research work in the Hunterian
Laboratories, and Major C. V. Mackay, R.A.M.C., for
valuable help in the preparation of numerous

dissections.

NOTES ON FRIEDL&Auml;NDER’S PNEUMO-
BACTERIUM.1

BY A. R. FRIEL, M.D.DUB.,
HONORARY PHYSICIAN FOR THE THROAT, NOSE, AND EAR GENERAL

HOSPITAL, JOHANNESBURG.

WHEN a patient or an animal is inoculated with I

a bacterium there result various changes in the 
taction of the serum of this animal vis-&agrave;-vis the 

bacterium, and it is to these changes that we are in I
the habit of paying particular attention. The

changes which arise in the properties of a (

bacterium which has been subjected to the action (
of an immune serum are also worthy of study. 1

Friedlander’s pneumobacterium, which is present
as a general rule in cases of ozaena. is usually very
resistant to phagocytosis. Most strains are quite (
insensitive when tested in the ordinary way of
performing an opsonic test. Even if the bacteria
are exposed to the action of the serum of an 

]

uninoculated human patient for some hours, and
then centrifuged down and made into an emulsion 

1

with a little salt solution and put up with fresh
human serum and corpuscles, phagocytosis is very i
little indeed. However, that they can be phago-
cyted, and in large numbers, can be shown by using
the serum of a rabbit which has received two or
three intravenous injections of a living or killed I

emulsion of B. Friedlander. This serum is so active
that the bacteria are agglutinated and opsonised
and if left long enough (one hour) in contact with
the serum are dissolved. To prevent the bacterio-
lytic action of the serum taking effect it can be
heated to 56&deg; C. for half an hour.

If one volume of B. Friedlander be mixed with
five or six volumes of inactivated immune serum
and allowed to stand for three or five hours at room
temperature and if the clump of bacteria which has
formed by then be removed and washed in salt
solution and planted on a sloped agar culture tube a
good growth will have taken place by the following
1 This paper was completed before the outbreak of war. Since then

turther work on "piantication" has been described in the Reports of
the South African Institute for Medical Research.

day, If this process is repeated for a few days it
will be found that a marked change has taken
place in the bacterium, and this change is pre-
served for several further subcultures without
further treatment with immune serum. The bac-
terium can now be slightly agglutinated and readily
opsonised by ordinary human serum.
To show the extent of this change the following

table is of use. An opsonic test was performed in the
ordinary way, using one volume of an emulsion of
Friedlander bacteria, one volume of serum and
one volume of corpuscles and incubating for

a quarter of an hour :-

In the first few experiments the serum used for
sensitising the bacteria prior to growth on a

culture tube was unheated, but in the later experi-
ments it was heated. To designate this particular
quality or property of bacteria the descendants of
il 

sensitised " organisms the word " piantic " is
suggested. It is derived from the Greek 7rtaV7-tK63,
fat, the idea thought of being fattening an animal
previous to slaughter.

In treating patients suffering from ozeena I find
that to get rid of the Friedlander infection it is
advantageous to give the vaccine intravenously, and
I am in the habit of using as a dose two millions
of a sensitised non-sterilised emulsion in salt or
distilled water, which is injected into a vein at the
bend of the elbow or in the forearm.

Sensitisation is effected by using the serum of an
inoculated rabbit and then centrifuging the bacteria
down and re-emulsifying in salt solution or distilled
water. If agglutination is very marked it is

necessary to use distilled water to ensure a

homogeneous emulsion. The bacteria are counted
before mixing with serum as it is not possible to do
this afterwards on account of agglutination. A
dose of two millions or thereabouts is small enough
to avoid the production of severe constitutional
symptoms such as bad headache and vomiting, and
large enough to cause slight malaise. It need
not be much increased and can be repeated at
intervals of three or four days for a few times.
The improvement in the patient’s condition is
marked.
In seeking for an explanation of why an intra-

venous injection of Friedlander is superior for

purposes of treatment to a subcutaneous one, it

may be noted that if a rabbit receives a large dose
of these bacteria intravenously and the blood be
examined at intervals till no bacteria are detected
and then the rabbit be chloroformed and killed
and smears made from the liver, kidneys, muscles,
lungs, and bone marrow, it will be found that
the bacteria are in great numbers in the liver
cells, some are also to be seen in the kidney, but
practically nowhere else. It may be that for the

production of some immune bodies an internal
organ such as the liver is an essential factor and


